This paper uses un-truncated city population data from six countries (the United States, Spain, Italy, France, England and Japan) to illustrate how parametric growth regressions can lead to biased results when testing for Gibrat's law in city size distributions. The OLS results show non-monotonic behaviours depending on the sample size. Moreover, it is possible to find a critical sample size from which we reject Gibrat's law.
Introduction
One of the stylised facts in urban economics is Gibrat's law, according to which city growth is independent of initial city size. Gibrat's law started as an empirical regularity associated with the distribution of firms, but in the field of urban economics, especially since the 1990s, many empirical studies have tested its validity for city size distributions. The countries considered, statistical and econometric techniques used and sample sizes are heterogeneous, but some of these studies estimate parametric growth regressions (e.g. Eaton and Eckstein, 1997) 1 .
Let it S be the size (population) of city i at time t and g be its growth rate, then ( ) g S S it it + = − 1 1 . Taking logarithms and adding that the rate depends on the initial size, we can obtain the following general expression of the growth equation: 
Gibrat's law holds because growth is independent of initial size. Thus, if the estimate of β is significant, we can reject the fulfilment of Gibrat's law. In the case of it being significant and positive, we observe divergent growth, because city growth would depend directly and positively on initial size 2 .
In this paper, we argue that parametric growth regressions such as that in Equation (1) can lead to biased results because city size data often violate one of the basic assumptions of the OLS estimator: the error terms are usually not homoskedastic. The remainder of this paper is organised as follows. Section 2 introduces the databases we use. Section 3 analyses the results of estimating Equation (1) with different sample sizes, and Section 4 concludes.
Data
There are six countries in our sample: the United States, Spain, Italy, France, England and Japan. For the US, Spain and Italy, we use the same dataset as used by For Spain and Italy, the geographical unit of reference is the municipality, and the data come from the official statistical information services. In Italy, this is the Istituto Nazionale di Statistica (www.istat.it), while for Spain we have taken the census of the Instituto Nacional de Estadística (www.ine.es). Because municipalities are the smallest spatial units (local governments), they are the administratively defined "legal" cities. For Italy, the number of cities by period is 7,711 municipalities in 1901 and 1911 and 8,100 municipalities from 1921 to 2001. For Spain, we consider the following years: 1900 (7,800 municipalities), 1910 (7,806), 1920 (7,812), 1930 (7,875), 1940 In these six countries, we consider administratively defined cities (legal cities); thus, their boundaries may not make economic sense and, in many relevant instances, they may not correspond to a meaningful economic definition of a city. Although metropolitan areas are considered to be more natural economic units, certain factors, such as human capital spillovers, are thought to operate at a local level, and there are statistical reasons to consider an un-truncated city population dataset (Eeckhout, 2004 ).
Results
Eeckhout (2004) demonstrates the importance of choosing sample size in the analysis of city size distribution, as the arbitrary choice of a truncation point can lead to biased results. In the same way, we analyse whether the results for city growth depend on sample size when parametric growth regressions are used. To do this, we estimate Equation (1) for different sample sizes, namely 50, 100, 200, 500, 1000 and so on, adding groups of 500 cities at a time until they are all considered 4 . We estimate starting from the largest cities (from the upper tail) 5 . Figure 1 shows the values estimated by OLS of the beta parameter from Equation (1) for the six studied countries. For the US, Italy and Spain, only selected decades are shown for clarity reasons 6 . We want to point out three fundamental results.
One is that non-monotonic behaviours are observed depending on the sample size, especially in the US. While the critical sample size is variable, for the US, Spain and Italy-in most of the 20th century-it is equal to or less than the 500 biggest cities. In recent decades, critical sample sizes are similar in the six countries. For any lower sample size, we cannot reject the local fulfilment of Gibrat's law.
Two relevant conclusions can also be derived from Figure 2 . First, there is a great deal of interannual variability, even between two consecutive periods. Second, although there are exceptions, critical sample sizes tend to be bigger for the US than for the rest of the countries, which is more evidence in favour of the greater validity of Gibrat's law for the US. Furthermore, over recent decades there has been an increasing trend in US critical sample sizes, meaning that Gibrat's law holds for a growing number of city sizes. The behaviour of French critical sample sizes is similar, although the growth is lower.
The information in Figure 2 should be compared with the sample sizes used in other studies, which tend to be lower (sometimes much lower) than the 500 largest cities. Therefore, if the sample size is low one may be positioning oneself below the critical sample size, and accepting the relative fulfilment of Gibrat's law when the behaviour of the entire distribution may be different.
Conclusions
In this paper, we show that parametric growth regressions can lead to biased results using un-truncated city population data from six countries: the US, Spain, Italy, France, England and Japan. We obtain non-monotonic behaviours depending on the sample size. Furthermore, it is possible to find a critical sample size from which we reject Gibrat's law. This evidence suggests that the appropriate tools to test Gibrat's law are nonparametric methods (see Gabaix and Ioannides, 2004; Eeckhout, 2004) . It may also suggest that a more precise definition of what a city is may be required. 
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